Regulation of ROMK and channel-inducing factor (CHIF) in acute renal failure due to ischemic reperfusion injury  by Gimelreich, Dimitri et al.
Kidney International, Vol. 59 (2001), pp. 1812–1820
Regulation of ROMK and channel-inducing factor (CHIF) in
acute renal failure due to ischemic reperfusion injury
DIMITRI GIMELREICH,1 MORDECAI M. POPOVTZER, HANNA WALD, GALINA PIZOV,
YACOV BERLATZKY, and DVORA RUBINGER
Nephrology and Hypertension Services, Departments of Anatomy and Pathology and Vascular Surgery,
Hadassah University Hospital, Jerusalem, Israel
Regulation of ROMK and channel-inducing factor (CHIF) in Acute discontinuation of renal blood supply followed
acute renal failure due to ischemic reperfusion injury. by reperfusion is a common clinically encountered situa-
Background. Acute renal failure caused by ischemia fol- tion in the settings of aortic and renal artery surgery,lowed by reperfusion is often associated with severe hyperka-
and renal transplantation and is often associated withlemia. The present study was undertaken to characterize the
effects of renal ischemia and reperfusion on plasma potassium severe renal dysfunction. During ischemia, depletion of
(K) and on the gene expression of channel-inducing factor energy-rich phosphates (adenosine 59-triphosphate, ATP),
(CHIF), a putative K channel regulator, and of ROMK, the with decreased transmembrane ion transport, intracellu-distal nephron secretory K channel.
lar accumulation of ions and water, and intracellularMethods. The following groups of rats were studied: (1)
sham operated (sham); (2) after one hour of ischemia by bilat- swelling, leads to endothelial and epithelial cell injury
eral renal artery clamping (I), and after one hour of ischemia; [1, 2], while additional deterioration is further caused
(3) one hour of reperfusion (I-R 1 h); (4) 24 hours of reperfu- by the increased oxidative stress during reperfusion [3].sion (I-R 24 h); (5) 48 hours of reperfusion (I-R 48 h); and (6)
These sequence of events act in concert to stimulate72 hours reperfusion (I-R 72 h). The expression of CHIF and
leukocyte migration, proinflammatory mediators as in-ROMK was examined by Northern blot hybridization in renal
cortex, medulla, and papilla and in the colon. The abundance terleukins, tumor necrosis factor-a, platelet activating
of ROMK protein was determined in the renal cortex and factor (PAF) growth factors, and adhesion moleculesmedulla by immunoblotting.
[4, 5]. The depletion of energy stores with subsequentResults. Maximal plasma creatinine and potassium levels
release of oxidants and cytokines in ischemic reperfusionafter ischemia and reperfusion were 470 6 16 mmol/L, P ,
0.0001 versus sham, and 9.65 6 0.33 mmol/L, P , 0.0001 versus injury may induce alterations in gene expression, gene
sham, respectively. The expression of CHIF was significantly transcription, and de novo synthesis of proteins involveddown-regulated in the medulla and papilla, with a maximal
in the cell growth and in ion transport [5–7]. A recentdecrease of 80% at 48 to 72 hours. In contrast, a most significant
investigation has shown that the expression of Erg1 andincrease in CHIF mRNA expression (250% of baseline) was
noted in the colon after 24 to 48 hours of reperfusion. ROMK c-fos is induced after ischemia and reperfusion of the
expression was reduced in the cortex and was completely abol- kidney [8]. In contrast, the expressions of NHE3 Na/Hished in the medulla at 48 to 72 hours of reperfusion. Ischemia
exchanger in the proximal tubule and that of the apicaland reperfusion injury significantly decreased ROMK protein
Na-K-2Cl cotransporter in the thick ascending limb ofabundance to 10% of control in the medullary fractions.
Conclusions. These results suggest that down-regulation of Henle were shown to be markedly reduced 12 to 48 hours
renal CHIF and ROMK may contribute at least partly to the after reperfusion in an experimental model of ischemia
hyperkalemia of acute renal failure after ischemia and reperfu-
caused by renal artery occlusion [9].sion, while CHIF up-regulation in the colon may act as a com-
Hyperkalemia, a common finding in acute renal fail-pensatory mechanism of maintaining K balance via increased
K secretion. ure, affects as many as 50 to 75% of involved patients
[10]. Hyperkalemia of acute renal failure is traditionally
1Present address is Department of Surgery, Sharei Zedek Medical explained by decreased renal K excretion, increased K
Center, Jerusalem, Israel. release, or shift from cells during acidosis, rhabdomyolysis,
hyperosmolality, and/or increased exogenous and endog-Key words: hyperkalemia, renal ischemia, potassium balance, hemosta-
sis, transplantation, cardiovascular surgery, cell injury. enous K load [11, 12]. Two genes associated with epithelial
K1 transport were recently cloned and characterized.Received for publication December 30, 1999
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ron and in the colon [14]. CHIF, a putative K channel Membrane strips were hybridized for 16 to 20 hours
with P-labeled CHIF or ROMK cDNA under stringentregulator, is regulated by aldosterone in the colon and
by K1 intake in the kidney [15]. conditions. The radioactive probe was prepared with a
Rediprime DNA labeling kit (Amersham, Buckingham-ROMK is an inward rectifier renal potassium channel.
ROMK1, a channel species with a low conductance (39 shire, UK). The BglII/ECOR I fragment of CHIF cDNA
(nucleotide 796 to 1258) and Bam HI/Pst I fragment ofpS), was localized immunohistochemically in the cortical
collecting duct [16, 17]. The ROMK may affect K1 con- ROMK2 (nucleotides 1 to 1496) that should hybridize
with all ROMK isoforms were used as templates. Mem-ductance in the collecting duct and therefore is supposed
to mediate K1 secretion. branes were washed and autoradiographed by standard
procedures. Bound cDNA probes were removed by boil-The present study was undertaken to characterize the
effects of renal ischemia followed by reperfusion on ing (1 to 2 min) in 1 3 standard sodium citrate (SSC)
plus 0.1% sodium dodecyl sulfate (SDS), and the sameplasma K level and on the CHIF and ROMK gene ex-
pression in the kidney and in the colon. membranes were hybridized with a control probe synthe-
sized from a cloned fragment of 18S ribosomal RNA.
The abundance of this RNA species was independent of
METHODS
the treatments described in this study. Bindings were quan-
Animal preparation and RNA extraction titated by phosphorimaging (BAS 1000; Fujix, Tokyo,
Japan) and expressed as the ratio of intensities obtainedThe experiments were performed in male Wistar rats
weighing 200 to 250 g that were kept in metabolic cages. by hybridizing the same strip with CHIF or ROMK1
and 18S cDNA, respectively. Each result was confirmedThe animals were anesthetized using ketamine hydro-
chloride 75 mg/kg body weight intraperitoneally and by repeating the Northern hybridization with at least
two different RNA preparations.were placed on a heated board to keep the body tempera-
ture at 388C. Acute renal failure was induced by bilateral
Immunoblotting of ROMK proteinrenal artery clamping for one hour. After relief of clamp-
ing and closure of abdomen, the rats were returned to Preparation of membrane fractions. Kidneys of con-
trol rats and of rats after 1 hour of ischemia and 1 hourthe metabolic cages for recovery.
The animals were fed a normal chow, with a Na con- and 48 hours of reperfusion were separated on ice into
cortical and medullary sections (200 mg) and homoge-tent of 2.7 g/kg and a K content of 10 g/kg dried weight.
The following groups of rats were studied: (1) sham nized in 3.5 mL of buffer (0.25 mol/L sucrose, 1 mmol/L
ethylenediaminetetraacetic acid (EDTA), and 10 mmol/Loperated; (2) after one hour of ischemia [1]; and (3) after
(a) one hour of ischemia and one hour of reperfusion triethanol amine, pH 7.5 with HCl) containing protease
inhibition cocktail tablets Completee (Boehringer Mann-(1-R 1 h), (b) 1 hour of ischemia and 24 hours of reperfu-
sion (1-R 24 h), (c) 1 hour of ischemia and 48 hours of heim GmbH, Mannheim, Germany). The homogenate
was centrifuged at 4000 3 g for 15 minutes at 48C toreperfusion (1-R 48 h), and (d) 1 hour of ischemia and
72 hours of reperfusion (1-R 72 h). remove whole cells, nuclei, and mitochondria. The super-
natant was then centrifuged at 200,000 3 g for one hourThe animals were killed by exanguination, and the
kidneys were excised and separated into cortex, medulla, to produce a pellet containing membrane fractions en-
riched in both plasma membranes and intracellular vesi-and papilla. Total RNA was prepared from kidney slices
and colonic scrapes using a “RNeasy” (midipreps) kit cles [18]. The total protein concentration in the fraction
was measured using an automated Pyrogallol red colori-(Qiagen, GmbH, Hilden, Germany).
Plasma and urine electrolytes and creatinine were de- metric method (Cobas Mira, Roche, Basel, Switzerland).
Aliquots of membrane extracts (40 mg/lane) weretermined by flame photometry (Instrumentation Labo-
ratory, Lexington, MA, USA) and by automated picric mixed (1:1) with a sample buffer containing 125 mmol/L
Tris HCl buffer (pH 6.8), 4% SDS, 20% glycerol, andacid method, respectively (Cobas Mira Roche, Diagnos-
tica, Basel, Switzerland). 30 mg/mL dithiothreitol (DTT). The membrane proteins
were separated by electrophoresis in 8% SDS-polyacryl-Excised kidneys were also preserved in formaline and
further processed for histologic examinations. amide gels and electrotransferred to nitrocellulose mem-
branes. The membranes were blocked with 5% milk
Northern hybridizations powder in phosphate-buffered saline (PBS) for two hours
at the room temperature, and then probed with anti-Aliquots of 10 to 20 mg of total RNA were resolved
electrophoretically on 1% agarose gels under dematur- ROMK APC-001 antibody (Alomone Laboratories, Je-
rusalem, Israel). The APC-001 anti-ROMK antibody ising conditions (formamide/formaldehyde). Nucleic acids
were transferred to nylon membrane (Gene Screening; directed against amino acids 369 to 391. This antibody
was recently characterized [19]. The APC-001 antibodyNew England Nuclear Research Products, Boston, MA,
USA) and cross-linked by ultraviolet irradiation. was diluted at 1:300. The antibody reactions were visual-
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0.0001 vs. sham) and potassium (9.65 6 0.35 mmol/L,
P , 0.0001 vs. sham) values were reached after 48 hours
of reperfusion. The baseline and the minimal creatinine
clearance were 500 6 55 and 27 6 1 mL/min (P , 0.0001),
respectively. Recovery, that is, decreases in plasma creat-
inine and K values, started after 72 hours of reperfusion.
Most rats were anuric at 24 and 48 hours of reperfusion.
Several were severely oliguric with diuresis of less than
0.5 mL/day. The urinary output increased in survivors
after 48 hours. The urinary K concentration before the
clamping after renal arteries was 80 6 10 mmol/L. In
oliguric rats at 24 to 48 hours of reperfusion, the urinary
K concentration was less than 12 mmol/L. At 48 hours
of reperfusion, it increased to 40 mmol/L.
Effects of ischemia and reperfusion on CHIF
mRNA expression
The effects of acute renal failure caused by ischemia
followed by reperfusion on CHIF gene expression (rep-Fig. 1. Plasma creatinine (h) and K (r) levels after ischemia and
reperfusion. Maximal plasma creatinine and K levels were reached after resentative gels and densitometry) in renal medulla, pa-
48 hours of reperfusion. pilla and in the colon are depicted in Figures 2–4, respec-
tively. A significant decrease in CHIF mRNA expression
was noted after one hour of ischemia alone in both the
renal medulla and the papilla. The decrease in CHIF geneized with a goat anti-rabbit IgG conjugated to horserad-
expression further continued in the reperfusion period,ish peroxidase (Bio-Rad Laboratories, Richmond, CA,
maximal at 48 to 72 hours after release of renal arteryUSA) with 5-amino-2,3 dihydro-1,4-phthalazine-dione
clamping in both medulla and papilla (Figs. 2 and 3).and 4-hydroxycinnamic acid as chromogenes. The stain-
In contrast, renal ischemia alone was not associateding intensities were quantitated by chemiluminescence
with significant changes in the colonic CHIF gene expres-and densitometry (FUOR-Se-Multilmager; Bio-Rad).
sion. It was mildly suppressed, however, after one hourMolecular weight standards were run in parallel. The
of reperfusion (Fig. 4). A most significant increase incontrol for the APC-001 antibody consisted of APC-001
CHIF mRNA expression (250% of baseline) was notedserum preadsorbed with a fourfold excess of APC fusion
after 24 and 48 hours of reperfusion. Interestingly, theprotein. The immunoblottings were performed in at least
maximal increase in CHIF mRNA expression occurredtwo separate studies using three to five rats for each
at the time of maximal hyperkalemia. CHIF was notsubgroup.
expressed in the cortex under normal conditions or afterData (mean 6 SE) were expressed as percentage of
ischemia and reperfusion.control, and statistical significance was assessed using
Figure 5 shows correlations between the values ofthe unpaired Student t test with the Bonferroni correc-
plasma creatinine (mmol/L) with CHIF mRNA abun-tion when indicated.
dance (arbitrary units) in the medulla (Fig. 5A) and in
Materials the colon (Fig. 5B). An exponential inverse correlation
between plasma creatinine and medullary CHIF mRNA[a32P]dCTP (10 mCi/mL; 3000 Ci/mmol) was purchased
abundance (r 5 0.748, P , 0.001) and a linear correlationfrom Amersham Radiochemicals (Buckinghamshire, UK),
between plasma creatinine and the colonic CHIF mRNAand ultrapure agarose (molecular biology grade) was from
abundance (r 5 0.583, P , 0.05) was found. While theInternational Biotechnologies Inc. (New Haven, CT,
maximal increase in colonic gene expression was seenUSA). All conventional chemicals were analytic grade.
in rats with highest K levels, there was no significant
correlation between the colonic CHIF mRNA abun-
RESULTS dance and plasma K.
Course of acute renal failure in the ischemic Exponential inverse correlations were also found be-
reperfusion model tween the abundance of CHIF mRNA in the papilla and
plasma creatinine (r 5 0.896, P , 0.001) and plasma KFigure 1 depicts changes in plasma creatinine and po-
(r 5 0.605, P , 0.02), respectively. These correlationstassium after one hour of ischemia followed by reperfu-
sion. Maximal plasma creatinine (470 6 16 mmol/L, P , are shown in Figure 6.
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Fig. 2. Regulation of channel-inducing factor (CHIF) in renal medulla.
Northern blots and densitometry are shown in control sham-operated
animals and in rats after ischemia (I) and ischemia-reperfusion (I-R)
at 1, 24, 48, and 72 hours. The abundance of mRNA was expressed in
arbitrary units as a percentage of control sham-operated rats (100%).
Fig. 3. Regulation of CHIF in renal papilla. Northern blots and densi-
tometry are shown in control sham-operated animals and in rats after
I and I-R at 1, 24, 48, and 72 hours. The abundance of mRNA was
expressed in arbitrary units as percentage of control sham-operated
Effects of ischemia and reperfusion on ROMK rats (100%).
mRNA expression
Figure 7 depicts the effects of ischemia and reperfusion
ROMK gene expression in the cortex (a representative significant correlations were found between plasma
gel and densitometry). A mild suppression in the expres- potassium or creatinine values and the abundance of
sion of ROMK was seen after ischemia alone, followed ROMK mRNA in the cortex.
by more prominent decreases after reperfusion of 1, 24, Figure 10 shows a representative immunoblot stained
and 78 hours with recovery starting at 72 hours. with APC-001 antibody in control rats (sham operated)
The effects of ischemia and reperfusion on ROMK and rats with ischemia and 1 and 48 hours of reperfusion
gene expression in the medulla (a representative gel and in cortex and in the medulla, respectively. A summary of
densitometry) are shown in Figure 8. Similar to the cor- the densitometric analysis is shown in the lower panel.
tex, ROMK expression is down-regulated after ischemia The ROMK protein was recognized by APC-001 antibody
alone and after reperfusion. At 24 hours of reperfusion, as a predominant band at 45 kD, more prominent in the
the abundance of ROMK mRNA was reduced to 20% of medulla. Induction of acute renal failure was associated
that of the sham operated. The expression of medullary with a marked decrease in medullary ROMK protein at
ROMK was almost completely abolished at 48 and 72 one hour of reperfusion. The expression of ROMK protein
hours of reperfusion. in the medulla at 48 hours of reperfusion was 8% of the
ROMK was not expressed in the colon. normal (P , 0.05). There were no significant changes in
In Figure 9 are shown correlations between medullary the expression of ROMK protein in the cortex (dark bars).
ROMK mRNA abundance (arbitrary units) and plasma
creatinine (mmol/L) and K (mmol/L). There were inverse
DISCUSSIONsignificant exponential correlations between ROMK
mRNA abundance and both plasma creatinine (r 5 Ischemia caused by bilateral renal artery clamping for
one hour followed by reperfusion resulted in acute renal0.796, P , 0.001) and K (r 5 0.692, P , 0.01). No
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Fig. 4. Regulation of CHIF in colon. Northern blots and densitometry
are shown in control sham-operated animals and in rats after I and I-R
at 1, 24, and 48 hours. The abundance of mRNA was expressed in
arbitrary units as percentage of control sham operated rats (100%).
failure most severe at 24 to 48 hours following the release
of clamps. The extremely decreased renal function in
this model was associated with oliguria and marked hy-
perkalemia, more than 8 mEq/L and with decreased uri- Fig. 5. Correlations between CHIF mRNA abundance in medulla (A)
nary K excretion. and colon (B) and plasma levels of creatinine. Significant correlations
were found between the variations in plasma creatinine and CHIFThe extreme hyperkalemia, while partially explained
mRNA abundance in medulla (r 5 0.748) and colon (r 5 0.593).by the reduced glomerular filtration rate (GFR) and the
increased catabolism, suggests a marked inhibition of
the K secretion in the distal part of the nephron. One
objective addressed by our study was to determine the of renal failure. These data support the possibility that
gene expression of ROMK, an inwardly rectifying K down-regulation of ROMK with decreased ROMK pro-
channel that mediates K secretion in the cortical collect- tein abundance contribute to the increase in plasma K
ing duct. Our data show that the expression of ROMK, levels with the reduced urinary K excretion in acute renal
suppressed after one hour of ischemia, is further de- failure.
creased after reperfusion in the cortex, medulla, and the CHIF, a gene evoking K1-specific current in Xenopus
papilla. At 48 and 72 hours of reperfusion, the gene oocytes and regulated by aldosterone and K1 balance,
expression of medullary ROMK is completely abolished. was localized in the distal parts of the nephron and also
Furthermore, the abundance of ROMK protein was sig- in the colon. Therefore, CHIF was another candidate
nificantly decreased at 48 hours of reperfusion, the point gene presumed to play a role in the control of K handling
of maximal decrease in renal function. The degree of in the setting of acute deterioration in renal function.
The second objective of the present study was to exam-down-regulation was in direct relationship to the severity
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Fig. 7. Regulation of ROMK gene expression in renal cortex. Northern
blots and densitometry in control sham-operated animals and in rats
after I and I-R at 1, 24, 48, and 72 hours of reperfusion.
In contrast to the renal down-regulation, after an ini-
tial decrease at one hour of reperfusion, the expression
Fig. 6. Correlation between CHIF mRNA abundance in papilla with of CHIF in the colon was most significantly increased at
plasma K (A; r 5 0.896) and creatinine (B; r 5 0.605).
24 and 48 hours, as much as 250% of baseline. These
data suggest that the renal and the colonic CHIF are
differentially regulated in acute renal failure due to isch-ine the expression of CHIF mRNA in the renal medulla
emic reperfusion injury. The down-regulation of CHIFand papilla and in the colon after ischemia followed by
in this model follows the same pattern as that reportedreperfusion. We found that in this model, acute renal
in the glycerol-induced acute tubular necrosis (ATN),
dysfunction was associated with a marked down-regula- where the moderate and severe renal failure was associ-
tion of CHIF in both renal medulla and papilla maximal ated with suppressed medullary and increased colonic
at 48 hours. CHIF was not expressed in the cortex. The CHIF mRNA [21].
role of the reduced CHIF expression in the medulla and The model of renal ischemic reperfusion injury was
papilla is not clearly defined. The most accepted sites extensively characterized with regard to the degree of
for K secretory processes are the distal, connecting tu- renal failure, pathological changes, and alteration in gene
bules, and cortical collecting ducts. In the kidney, CHIF expression [8, 22–24]. Several studies have shown that
is expressed in the medulla and papilla, but not in the the expression of genes involved in cellular proliferation
cortex. Medullary structures are usually conceived as and/or DNA synthesis, like ERG-1, cFos, and the nuclear
sites of K reabsorption. Under certain circumstances, protein histone H2B, is increased following ischemia and
however, net K secretion was demonstrated into the reperfusion. The gene expression of TRPM-2, a putative
medullary collecting duct [20]. A direct correlation be- marker of cell injury, was also found to be increased in
tween the medullary and papillary CHIF down-regula- the above model, as long as 96 hours after the ischemic
injury [15].tion and the tubular K secretion remains to be defined.
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Fig. 8. Regulation of ROMK gene expression in renal medulla. North-
ern blots and densitometry are shown in control sham-operated animals
and in rats after I and I-R at 1, 24, 48, and 72 hours of reperfusion.
In contrast, the expression of several genes involved
in ion transport was found to be significantly suppressed
in the ischemic reperfusion injury. Thus, recent investiga-
tions reported sharp reductions in the expression of prox-
imal tubular NHE3 Na-H exchanger, the apical Na-K-
Fig. 9. Correlation between medullary ROMK, mRNA abundance2Cl cotransporter of the thick ascending limb of Henle
with plasma creatinine (A; r 5 0.796) and K (B; r 5 0.692) levels.and the Na-K-Cl cotransporter of the distal convoluted
tubule, which were all decreased at 12 to 14 hours after
reperfusion. These changes paralleled a significant de-
tional excretion of K consistent with increased secretioncrease in Na,K-ATPase gene expression, especially in
of K per nephron [26, 27]. Preliminary observations fromthe medulla [9, 24, 25]. The alterations found in our
our laboratory have also shown that the expression ofstudy in renal ROMK and CHIF gene expression follow
medullary CHIF is significantly increased after chronica similar pattern, with significant correlations between
reduction of GFR by 50% by unilateral nephrectomythe magnitude of the suppression and both the decrease
(D. Rubinger, unpublished data). Thus, the decreasedin renal function and the increase in plasma K level with
number of functional nephrons by itself will not explainreduced urinary K excretion.
the down-regulation of CHIF and ROMK and theThe molecular mechanisms of renal ROMK and CHIF
marked hyperkalemia after ischemia and reperfusion.suppression in the ischemic reperfusion injury are poorly
Metabolic acidosis was shown to significantly increaseunderstood. One possibility will connect the down-regu-
CHIF mRNA in the colon and at a lesser degree in thelation of the genes involved in ion transport with the
normal kidney [14]. The dramatic increase in colonicdecrease in renal mass and function. However, early
CHIF expression following ischemia may reflect, at leaststudies performed in chronic models of kidney ablation
partly, a response to the significant acidosis that developsby 3/4 or 5/6 nephrectomy have shown that the reduced
GFR is associated with a significant increase in the frac- in acute renal failure.
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failure associated with hyperkalemia may reflect a com-
pensatory mechanism to maintain K balance and is most
probably aldosterone mediated. It is worthwhile men-
tioning that the up-regulation of colonic CHIF gene after
unilateral or bilateral nephrectomy was found to be di-
minished after adrenalectomy (abstract; Rubinger et al,
Nephrology 3:S211, 1997).
The exact physiological function of CHIF remains un-
clear. It was suggested that CHIF is a transmembrane
regulator of channels and pumps involved in K transport
similar in its structure with the g subunit of Na,K-ATPase
[13–15]. The colonic H1-K-ATPase mRNA was recently
shown to increase significantly after 12 to 14 hours of
reperfusion in a similar model of acute renal failure in
rats [25] in a manner similar to the increase in CHIF
gene expression. This colonic H-K-ATPase is regulated
by aldosterone, corticosteroids, and metabolic acidosis
similar to CHIF [14, 34, 35]. A possible connection, how-
ever, between CHIF and colonic H1-K-ATPase remains
to be determined. Other candidate factors in the colonic
K1 secretion that might be connected in some way with
Fig. 10. A representative immunoblot stained with APC-001 anti- CHIF include an apical aldosterone-dependent K chan-ROMK in control (C) and medulla (M) of control rats and in rats after
nel with a large conductance, localized in the distal colonI and I-R at 1 and 48 hours of reperfusion (upper panel). A summary
of the densitometric analysis is in the lower panel. [36]. To confirm this hypothesis and to characterize the
complete regulation and the role of CHIF will require
further studies.
In summary, our data suggest that the renal down-Another possible mechanism will imply a general de-
regulation of ROMK and CHIF may contribute at leastcrease in the transcriptional processes along the nephron
partly to hyperkalemia in acute renal failure after ische-secondary to the ischemic insult. The increased gene
mia and reperfusion, while CHIF up-regulation in theexpression associated with renal cell growth and DNA
colon may act as a compensatory mechanism by increas-synthesis, however, as well as the increased expression
ing K secretion.of Na1H1 exchange isoform NHE-1 found in the cortex
and medulla, which are seen at 12 to 14 hours after
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